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This paper indioctan how « technique whish clusters crlterla In terma of the
homogenelty of their prediction equatisns o= ke used te {dentily and desaribe the
rating policlsas within a group or bomd of judges, The technigue meaeuren the cons
sistency of ratings ohtained from \ndividuel judgss, and Indicates the aemonnt emd
naiture of agreement betwaen Judges of groups of judges, A practica! method In Mg«

gewted for helping o bogrd or sommittes to reash a consensua concerning how relevant

tusstorn shall ke welghted In future sltuatlone no am to oarry out ita final jelat pelley,

* Exemplen are glven to show how the tochnique can bhe uaed to determine the coripon!-

tion ¢f & aervice nchool welectlon compaalie, to determine faator waights for & Job
avaluction plen, and to determina how relevarit {actors should be somblned lato o job-
orlented criterion componite.

Tals rmport has baen roviewed and in approved,

Fred . Holdregs, Csl UECAF A Comp

Conmander Techalgal Direater

llq 6570th Paraonnal Renarreh Laboratory
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JAN: A TECHNIOUE FOR ANALYZING GROUP JIMaMPNT!

AN (Judgmeni ANalyels) b < ~laple but poweriul technlque for ldentifving and deaoribing
the rating policles that exist within a boord ar committes of Judgas. Tt gaa ve used to help the
members of such bowda or cammiitees reach ¢ oonsensus and will enpreas thelr final joint poliey
in o pre gige Mmannes,

JAN is a npecial applicatlon of a technique devalopad by Bottenbserg & Cheintal {1981} which
groups solleria i turmm of the homoagsnelly of thelr prndle&lan aquations, 1 The criterion- -groupling
technlque is o upacid spelication of « atill more ganeral sisrarchles! grouping moadel develupad by

Ward (1981}, The readar in rafawred to these papsre for computational exprasaions,

Communieation of the JAN concept can be simplified by deserlbing kow it might be applied in |
« hypothetioal altustion. Suppuse ohe ware fazad with the problem of selecting the firet alana of
300 studants for a nawly establzhnd service achool, Scoree ars avaliehle ou 13 asleation varlables
lnr each of 3000 a_n_nllngnll. A special board of 10 otfiuers has hean amsembled and shapged with !
the respenalbility for determining how these varlablcs shali be we:qheaa tuqezhnr to eumpute the final
velection composits. Since this ir a new acheel, eviterion date ere uncvalichle, Hewaver, sach
board membar is famillor with the currlaulum o ke offored and with the uannml ahmqnsarzsé_irs- of the
salsction variablen,

In order to sat the wimge for & dincusalon’ ‘af JAN, @ pertion of the proaasdings will be fabricated.
The latters MA, MB, md g0 forth, will be used o refer to the individual board mmbnm

The board hoa heep called te order. The chétrman hu receanized MY,

MCi MB and ) would llke to projene @ wet of weighta for the bourd's caumidercilon, 1 thse
walghta are used av a baginwing peint foe our dissusslen, perhaps we can procesd more
ropldly,

Coplan of the walghtx are pasaed. ou! t0 all board membary, Wembers study the pronowed welghts.

MA! What goneurna me \a the Jow weight you have dasigned the High School Activitias Indes, .
After all, it's the only variaiia In the zeloatlor battery that megcuren loadarahip,

MCi But we gave It a weight of throe, and that’s pretty high. It's almost an mush welght aw we
give to dall of the verbol tests comblawd. .

MA1 Yes, But the highest Activities Index seare 1a only 300 whilo the lowest sooraa on tha
verbal teste are uonally higher than 300, 1 think ws should welght the Activities Index by
ot leont 20,

COMMENT: Notice thot this iz a very powarful argument, evan though It In boged on false pramines,
Theboard at thispoint does not recognize that the atfect of an applied walght {r Influenced by the
standord deviatlon of the eoores to ha welghied and in net nsooraarily r)5tad to the mean or slze
of the scores to be walgkted,

The board compromlzez on o welaht of 15 pointe {or tho Avtivitier Index. The conferance con-
tinues, Various membars argus lor Ipcreasing oy decreasing the welghis for certain variakles.
Compromlaea are mode until, finally, a tentative st of walghis i agreed upor. Ax a cherk,
iheae walghtr are applied tn tihe acorey for a wample of the applicants. Certaln pecallarities
are obaerved, which are taken up durlng the next day's meeting,

] Rapradussd with nome minor edityeial ohinges fron o paper precented at the annual moatineg
of sve fAouthwenatern Payohalogloal Ansaciotion, Forl Wardh, Taxen, 0 Aprll 1087,

’ Pr, Joa H Waed, Ir. in erediied with nuggeeting wne af o leanit-nguaren walghind regronnlnn
tomuly to aapture the poltoy nf o nlagle rater (alan see Hofiman, 14883, Thae prounnt pepar indleaten
haw the Nottenberg-Chrizial arttarton geouping tanhnlquo wan he appliod to o seclen of nueh eguations
in nnday to snalyes the satlong hehivlar of « qroup,
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8 Thore's somstllng woony with v wekilittng ayrten. Yo will abeetve tiad weveral of the
appliconis with the highent compasite soores mode lens than 400 en wathemodlenl aptitde,
I don’t think we shonld tet tn unyone who wnoran below 450 on the Mathematics Aptita o
Tant, Thoy wilk never puos our caglaosring owrleslum,

MFy 1 think tha problam Is that we ara welghting the Aetivitian index too much, You will natles
that all of thone cases with low guantitative saores hova kigh Activities Indesas,

MA1 Well, Tdon't think wa nhould lowar the walght for the Aeuviuen Index. 1t's the only meas:
ure of leadayrship we have, Let’, establish cuteffs an the verbal ond quantitailve teatn;
then we will pafuse to aceapt any eandidete who acotes below our eatablinhed outelfs,

The hoard comprassises by lowering the walght on the Actlvides Index to 12, and by entahlishing
autols of 450 on the verbal und quantlatlve tedts. New compsaites are computed for the mample
oanen, Gnr ibe besrd i iwconvened.

ME! 1 don't like this multiple-cutoif technique. I {ound several applicanis who ware high on
nearly all variablen, but whe were disqualliied becoune of a single verbal or mathemation
muore of 440 or 445, We should moke an exception and et these canen in, After all, how
much differenas is there betwesn a soore of 440 and one of 4507

MPF: ] atlll think we are walghting the Activitien Index 1no much. For some reamon it weema that
an applivant with high scores on all yaglablew exoapt the Activities Index comes out with
o low aumpulm saorn,

"Atinr o prolonged;discusalon, the chalrman decides that the welght for lho Actlvitien Index will be
lowered tn 8. and that the mutoll scnrms will ha lawumd to 400,

, This conversctien has besn canled for enough to make clear certaln polnts. Flint, the board
Wb unum- tv prediot aocurately the effect of thelr proposad welghta, Very early in the conferenca,
‘@ tentative net of walghts wan agreed upon, Howaever, rio ane was sailafied with tha results when
thess weightx ware applisd to the applicant group. Rucommendaticna from this pelnt on ware bared
vrimarlly weon the individual board members’ matisfaction or dissaiisfuction with the rank pomition
of applivants, If they felt ihat partioular applicants were ranked too high or oo low, resommenda-
tions wars meds jor changing walghts in o manner ptwdicted to reatify the problem. Often a# not,
the propssed chonges elther falled to ramolve the preblem, of oreated new problems,

When ena zovgfully analyxes the hoard’s ootions, ke comas to reaifze that the hoord ahould
net have hean askad (o pranass welghts in the {list plogs. lis main conesrn wan that, whatever the
weighta, tha final seleetion somporite would rank appliconts In a mannar which s aceceptable to
the boord mambars, Rather thar argue over the relaiive weights (o be applisd (o the selection
veritublea, the boord mhould have reatricted Jta attention to the relative acosptabllity of gpplicants
with givan proflles of scores an the selection tests, The linpuet of applled waighta on the final
rank-ordering of upplicants {x a highly complex matter which is Influenced by several thingn, Includ-
7§ the Wtandad devisiions and intercorrelations among the aelection variables, A wophlsticated
meaxuremant paychologist connot solve for a 15-predictor ragrasaion equation In his head, Yei this
18, In offent, what was required of the board membars when thay were asked to determine the welghtns
te ba applied 1o the seleallon tests,

MNor mhauld the hoard membars have attempted to establish outoff keores, It may he true that
applicants below glven score levals on cerlaln varlables tend to become unacceptable, regavdlsan
of thelr sacores on othar variables, Howaever, thars i no olear hasis {or declding whare thens eutoff
polnts aheuld be establizhed, As ML put it, ""After all, how much diiferonce ia thera hetwaen a
score of 440 and ona of 4507 What the homrd really wanta is {or these varjohlos ta b walghtod no
that applicants ahtadning seoran below cortain polnta wili have norapldly deareaning probahility of
recalying o total compasite acore high snough to be aceepted {nto the sebanl, The dendead ronuld
rauld he nhtained hy Intenductsg approprictely weighted sguared test scorsn into the solsetion e
prsdde, hut 4t Le highly fmpeoboble fhiat the hoaul would come up with sach o suggastion, Agaln, ano
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swrfvan @ the eonclugon that the hoaed shonld rovol agreement on the spprapeite rank posttion
& Gpphieimin, mnd loavo the sajoctien tom waighte to by delermined by anelytiosl mathods,

tinw that the proper groundwork hes hesn laid, the tlue hor come to deacribe how the JAN
technigue can help such a board veach olosura. The flest stap Lo to prepare o card for sach of
appronimately 150 men salsoted 6t random from the total upplioant group.? The card for eash mon
lintn hin 15 asloctlon test nosves and his Jdeniifloation aumber—nothing mora. Irrevelant Informa
tlan which might hiaa the rater, sueh ax the spplicent’s nane, religion, or home town, in emitiad,

Next, avary mamber of the bowd s glven o et of thewe cards. Boord members are asked to
siudy the tent scores for aach of the 150 appllaanta, and then pank them from 1 to 150, Thai s, @
board member placas the 2ard on top which, in his Judgment, desciibes the applicant mont deserving
to be Gooepted=-cnd so on. The cord he places on the bottom is ansigned ¢ rank of 150, and daseribes
the appileant who, in his judgment, 1n least aualitled. *

New let'n consider this informatlon for one of the raters. After carsfully rtudying tha melec-
tion =cors information, MF heas rank-ordered the somple of 130 uppiloants. MF's rating polley can he
oapiyrsd by ualny dhe seldction tesl vurlabloﬂ o predictois and hig ranking of the 150 applizants ag
o oriterlon variuble, This slmply requires cgmputation of a 15-predicics regresaion wiuation, The
magnitude of the ehtained squared multiple wonalaﬁlon voslfiolent (R?) indicates how well MF/s
poiiey can hw rep'loxtad (in thig sarple) ullnq ¢ imei-equares-weighied campenite,

Observe zhat MF had to rendar his Judqmsntu golely on the baals of relection feat soore Infur-
mation, Nothing else was provided to hin, Under thess conditions, he could not hgve been blased
by infermation in the applicants! lolders which the hoard has Judged to be Irrevelani, Perhapa of
more importance, howavar, s the faet thet one shanld he oble to do a gaod lok of socounting for
MF!a evaluations uning the Information which he studied, In frot, thare are anly two reanons why
one should not he dble to predict MF's judgmenta perfectly uning those data.

r im, 24 ipdy be that MF considered certaln Interautions wiong the pradictors, or that he per.
onivad the relationahip batwaan aertain of the factors and upplicant coceptablllty us helng nonlinesr,
Under these sxxdii'e w, it would not be posnible to eescurt for MF's uulqnod evaluation sooren
unlesi th e appropriate preduct or power terms wera Introduced Into the equation, Howaver, it is o
aimple motter ta liitreduce any such terma which ave hypothesized. For example, if 1t ware hypothe-
nized that MF aonmlders applloants who neared below cwitain values on the varbal and quantitailva
teata e being unaooepiable, regardless of how they meorad an other tests, then squared {arns are
{ntroducad Into the equatlon. If Intreduction of mquared terms causes a eignificant increaws in pre-
dlative sfficienay, then the formula for expressing MF’s pelicy haw been improved, Notiow that this
ia @ much better approach than simply arbitrerily satablishing cutoff maoren,

A nmacond ond perhops mars 1ikely expionation for an inability to acceunt for MF'n Judgments
In that he wan Inconsistent tn his ratina hahavier, Such nlraraier lasicbillly will lead to o reduoed
value of the abialned R* To the extent that MF la conaistent in his rating hehavior, it should be
ponsible to produce a formula whish will eapture hia poliey.

Hut MF 12 only one of the 10 membsra serving on our hoard. The goal in to phtain a hoard
policy on melection—got ane man's opinion. In order to guide the board to clpsure, the frat step
i to enmpute 10 separate regrosslon aquations. Eaoh of thess 10 equations axpreskes the policy of
one of the 10 judges--and each equation could ba used to rank tha entire 5000 pplicants in a manner
which would pleane at laast ane of the 10 hoard membara,

;
L -

The mnbher of oanan to he releoted depands an the nambar of nelanilon varlublan helng
nred. A goal 4n to ovaxd Movarititing'’ when thera variablan nee walghtnd into a Inant nipuaren
seruranulen equation,

* 51 wanld ho pormlnnthle fo have thean aapen reted Instaad of ranked,

§

D Phe combination af q praperly-owelahind pauared and st aedes fsma hon the Ghillidy 1o Ht
a roureniton Hie e ony nel o podate which dlaplayr woningle heg or change ty Hroetion.
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Naginatag with these eguatiann, the erltechm-gronplag technie ia smploved o de

eml‘! of agreemant end dinagreement cmong the el wembera, As the fireg biép, G shigle valis
M R ¥ 1a computed which Indinotes the oversdl pradictive offleiency obtalned when « wapiirite leant-
nqueran-welghtad rageasnion aquation 12 urad for aach rater. During the mecond step, sach squa-
ton ls compared with evary other aquation, In this way, the two rutors aro located whe me in
¢lowant agreament conuverning how the relection vinlables should be weighted to detormine the rela-
tlve aueapizhility of applicants. Theme two raters have the most homogenanus regransian sauations,
The computer then determines the mingle aguation that best reprasents tha Joint policy of thers twe
tatara, It wiso indigates the overall losa in predistive efficlency that results when the original N
equatiens are yeplosed by &ha bost mat of ¥-1 wquatlons, This ls accomplished by compering the
magnitude of the averall R in the two lnstances,

In mubsegueni cparations, the program syatematically reduces the number of prediction equa-
tious {or rater clusters) by one ot each step so as to minimiza the loas In avsrall pradictive afil.
zienoy. In sach Inzianes, the computer peints out an avarall RY, av wall aa the slngle equatlon far
ecoii oluster which best reprosenta the Jolnt peliay of all raters In thot aluster, At the last oiap, o
single pradisilen sgustion le geusrated so as to expresa tha Jolnt policy of all reters with ua litle
error am pamaible. .

Examination of tha loss In overal) pradiciive emaloncy at varlouw stagew vi the grouplag procens
will heln to identify the number of ra‘ing polloies ezisting @nong the bomd mambers, For mzampis, if
vary llttlo overall prediotive afficlenyy lu lost In going from ten o two equations, but o conslderable -
 amount wi effieiancy in loat In golng from two to one quation, thera ia strong evidence that two dif-

ferent roting policiaa ave aperating. Thet Is to nay, some of the board mambers sra using one
we lglitin § system and the rest o different weighting system, Of sourse the hope in that o zingle
aquation oon ko found which predieta the eritarlon values ausigned by all ratsrs, In this atae the
heard could be dismissed without further de, sinow thelr aingle gqreed-upon policy wouid hava
be en daterminad, Howevar, ahould more than one rating policy be found to wxist, tha board is not
anked to qrbitrcu the differences in welghta. Rather, the several equetions are usaed to rank the
applicant admpie, iid the boad im amked to arbiiraie the diiferences In the rank position of zaues
resulting from application of thase sevaral equations, Once a single agresd-upon rank-crdering of
" the sample has been cbiained, it in o simple motter to determine the approprlate net of wolqhtu for
tha final selawilon composite,

The JAN rechnigues enables the Inveutigator to Gk & a cemplete unalysin of Interraier Gyive-
mant, As amatter of fact, results of the firat step alone indlcate the amsunt of agrsement betwsen
each rater and evary other rater,

We hava nesn that a situstics may exist where the levs! af intsrrater agresment auong the
antirs sample of rators Ia low, but where the raters oan be divided lato two er more groups within
anch of which there iz high agreement, Conventlonal onalysis tachniquos for determinipg interrater
agrasment weuld not detaot thin sitnation, The JAN approach will not only identify the greups, but
will at the some time provide squations expreasing the diffarent rating polleles.

So far, only ona exampla han baan glven illustrating how JAN mlght be usad. But the Air Foros
in constantly calllng boarda together to determine how varlables should be weighted for making deni-
slenz:  Who should ba promotad? What mpecialiies should racelve proficlensy puy® Who shauld he

£re

given a raqular commismion? What cee the grade ragulrenionts for johs? Which officers should he

0 What the pragram aotually dogs duptag this Tirat step (6 ta evaluate snoh of the ~—£’%—l)

altornats ways of reduaing the sumbar of cquatlonn from N to N-1. Any one of thesa wayn Invelven

predmtinu the arlterion obasrewilonn fnr g partlenlsy pelr of badid wombarn with @ single agnating,
i rsiaiaing nupoatdla legei nquaren-welqhted squatlaps far aarh nl the rematning N - hoard

nwmhﬂru The tind varit In ldenttonl tn thet whish would he ohiafand by the prooadure owttinnd

v e teny, snedey dhe candiilonn ast farth dn thin paper,




ghven responslbilly pay? The nolublen to all snch problems invalves stthar the Implicdt oy axplielt
walghting together of factorn Judged to be relavant for aarvizing the agread-wpon gosls, If those
factors ere mada eapliclt, then JAN can be wnwd to balp such bestds eaooh 6 consansus, Moveaver,
the JAN approuch reaults In o praciae statsment of the funtors and weighis to be waed in oorrylng
eut the board’'s recommendations,

Very often @ group’s polley aon be ooptured by having Y rate o aerlar of almulated situctions,
Far sxampls, The Chls State Unlveisity Reseali Foundation im condusting @ joh-orisnted oriterion-
development eontract In which sonren an hysathesizad eviterlop-ralevant factors are almply savtlbed
to o semple of several hundred preudo-Incumbents presumahly warking In g partioular Alr Ferze
apecialty!  Supsrvisors ln this specialty will be asked to study the resulting sewre proflies and
mak e a global evaluation af the woith or sffactivanesa of scch simulated tnoumbent, Then the JAN
toahinlque will be applied to determine which faciore whould be walghted intc on aaeepiabie ctlte-
tlon comp calte for ure in the spscialty. Thin appreash te criterlen davelppmaent has the advantage
of not reauiring sypanaive flald testine, It alzs males possibls the evaluation of fasiors which ot
the pres ent timG cennot he measured sanily in the fleld, For purposss of the atudy, li i enly neces-
sary that eash focior be definable in terns that pressnt unamblguous gonespta ts the supervisors
viio mus { moks the ratinga.

Job evaluation is another aroa to which the JAN technique has been applied (Madden, 1683),
Work requirement factors weera dovalopad aw likely candidates for Incluslon in a revised Alr Foroa
offianr Job-evaluation systers, The fantors cover such requiraments aa formal educction, spasial
tredning end work apmieaas. roein seent redponsibllitien, and working conditions. A mample of
Alr Foroe Jube was ratod on thesc factors, and a score profils for eash job wam genezated by com-
puting its mean rating on wach fastor, -Senlor cifloers at the Alx Farse Commeng and Stafl College
wers askad to etudy these profiles and rata each of the corvesponding Joha en the busis of deserved
sompensation, In gubsequent analynes, the JAN teshnique was shle In most Instences to oapture
bitween 80 and 3 parcent of the variance in the ratings made by these indlvidual offlours. Further-
mbre, & great daal of aimilarity was found in the ratars’ policien concarning which factors should
determine the pay level for Alr Foroe Jobn,

The spplications of AN suggented In this papar have related fo Alr Foroe problems, hut it
should be apparont that thy tochilque I generally epplicasle to any situstion where o commitiee
of bourd wishes to express itw policy conaurning how relevant fustera shall he anmbinad for making
subsequent decislcnas,

The teshnique alwo oon be used to analyze md describe the similarities and differences among
ratings collesiad from individuale who ove separoted by time or space, and whe in no way can he
consldered as bsing members of a board or vommlittes, Fathaps it could he used to enalyze ous-
tome s’ preferwnces for combinations of commedity characteristion or to onalyze voters' prefarences
for certain characteriatlos in real or simulated polltionl candidates.

Finally, it should be recognizad thet appilcation of the JAN technlique to large problems in
not feanthble without uue of an slsctronle data provessing muchine, However, most luvestigatara
now have agoess to compuiers, ond studiea of the type diazuaned are easlly accomplished. If a
board of 10 judges each made 150 evaluations based on 15 factors, it in estimated that a complete
annlyais of the data uning the JAN tachnique wouid take lean then five minuten uslng a modem
computer comparable i the IBM 7080,

7 Ar ane invartigator ntated in Jestt **Wa'va tred of balng unable to prediot the hehayior
ol raal-live panple, no wo daolded to orsatg snims of ouwr own,

# Rualiied requentarn can obinin a sat of Fortran somputlng shotements for the arlisrizo-
granplng tachnigue hy wrlting tn the A5704h Peracnnal finnaacrh Linharntevy.  Thin Coartvan progrom
wes welttan hy My, Daninl Rlaany unsdar the qoneeal direation of 1ir, Yoe 16, Ward, ir,
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